INTRODUCTION
Apoptosis or programmed cell death (PCD) is an indispensable process for normal development and homeostasis (1, 2) . Dysregulation of apoptosis has been correlated with degenerative diseases, autoimmune disorders, and cancer. Although the death signals that initiate the apoptotic program can originate from a number of sources, in most cases they lead to the activation of a family of cysteine proteases known as caspases (3) (4) (5) , which execute the apoptotic program. Despite the overall structural similarity and cleavage specificities shared by all caspases, not all caspases have a primary function in apoptosis. For instance, caspase-1 (also known as interleukin-1β converting enzyme, ICE) plays a key role in inflammatory response by cleaving pro-IL-1 beta and pro-IL-18 into active secreted cytokines (6) (7) (8) (9) . At low concentrations, IL-1β is a local inflammatory mediator of the activation of mononuclear cells and endothelial cells.
However, at high concentrations, IL-1β exerts potential lethal systemic effects including fever, chills and shock (10, 11) . Caspase-1 has also been implicated in the Death receptor CD95/Fas apoptotic pathway since thymocytes derived from caspase-1 deficient animals are partially resistant to CD95-induced apoptosis (12) .
The Caspase-associated recruitment domain (CARD) is a conserved homology domain, which mediates protein-protein interactions between key apoptotic signaling molecules. The CARD domain is present in the nematode CED-4 and mammalian Apaf-1 and is used to recruit CED-3 and caspase-9, respectively (13, 14) , into the apoptosome.
After recruitment into the apoptosome these caspases undergo autocatalytic processing and become fully active. The CARD domain is also present in the prodomains of several other caspases, including human caspase-1, -2, -4, -5 and -13 and mouse caspase-1, -2, -11, and -12. The CARD of caspase-1 mediates its interaction with the CARDs of RICK and Ipaf/CARD12 (15, 16) , two adaptor molecules that have been implicated in the activation of caspase-1.
The CARD of caspase-1 also mediates its interaction with the dominant-negative CARDonly proteins ICEBERG and Pseudo-ICE, which block caspase-1 activation (17, 18) . The CARD containing caspases have been shown to play important roles in diseases through gene knockout studies in mice. For example, caspase-1 knockout mice exhibit marked resistance to endotoxin-induced sepsis. Caspase-2 and caspase-11 knockout mice show less tissue loss in stroke models (19, 20) .
In addition to its role in apoptosis, the CARD domain mediates interactions of several upstream components of the NF-κB signaling pathway that plays a role in the activation of genes involved in immunity, inflammation and apoptosis. The CARD containing adaptor protein RICK interacts with the CARD proteins CARD-4/Nod1 and Nod2 to form a large complex that activates the IKK complex (21) (22) (23) . Similarly, the CARD-containing protein Bcl-10, which is implicated in activation of NF-κB in response to stimulation of the antigen receptors in T and B cells, forms protein complexes with the upstream CARD proteins CARD9, CARD10, CARD11 and CARD14 (21, (24) (25) (26) (27) In this study we identified and characterized a new member of the CARD containing family of proteins designated CARD-8, which binds to caspase-1 and negatively regulates its activity. CARD-8 can also negatively regulate NF-κB activation and sensitize cells to apoptosis. In vitro Binding assays-In vitro binding assays with CARD-8 and CARD proteins were performed as described previously (28). Briefly, CARD-8FL, CARD-8-CARD were expressed in DH5-∝ bacteria as GST fusion proteins, and equal amounts of proteins were immobilized on glutathione-Sepharose (Amersham Pharmacia Bio-tech). 35 S-labeled CARD-8FL, caspase-1, Pseudo-ICE, ICEBERG, caspase-9, Bcl-10 and CRADD were prepared using TNT-coupled transcription/translation Kit (Promega) and incubated with the protein-bound-Sepharose beads in 100 µl of binding buffer (50mM Tris-Hcl, pH 7.6, 120mm NaCl, 0.5% Brij, and protease inhibitors) for 3h, The beads were washed three times with the same buffer, boiled in SDS sample buffer and visualized by SDS-PAGE and autoradiography. in three cycles of infection in the presence of polybrene (Sigma). After changing the media, THP-1 cells were then selected using 1mg/ml neomycin (Life Technologies).
After three weeks of selection, viable cells were used for detection of protein and IL-1β.
To assay for IL-1β, we incubated the cells (1×10 6 cells/ml) for 4h with INFγ and then 14h
with 1µg/ml of LPS. Media of the cells were then used to quantify IL-1β, by enzymelinked immunosorbent assay (ELISA) (R&D Systems, Minneapolis MN).
Assay of NF-B activation
___ NF-κB activation was done using a luciferase reporter gene. 293 cells were transfected with 5XκB-luciferase reporter and pRSC-LacZ plasmids and various expression plasmids using the LipofectAMINE TM method as per the manufacturer' instruction. 24 h after transfection, cells were harvested and subjected to luciferase assay as described in Lin et al. (32) . In certain experiments, cells were treated with hTNF-α for 5h prior to harvesting. To normalize for transfetion efficiency, all lysates were assayed for β-galactosidase activity. Data represent the average of at least three different individual experiments. above results the isolated caspase-1 CARD-GST fusion protein, but not the GST control, was able to interact with CARD-8FL. (Fig. 3B ).
RESULTS AND DISCUSSION

Identification of CARD-8-To
To further confirm the specificity of the CARD domain of CARD-8 towards caspase-1, we compared the binding of 35 S-labeled caspase-1 and caspase-9 to the isolated CARD domain of CARD-8 (GST-CARD-8-CARD). CARD-8-CARD was only able to interact with caspase-1, but not with caspase-9 ( Fig. 3C ), indicating that CARD-8 specifically associates with caspase-1. Both caspase-1 and caspase-9 were able to interact with the GST-pseudo-ICE and GST-Apaf-1-CARD positive controls, respectively (Fig. 3C) . 
Effect of CARD-8 on processing of caspase-1-The concept that oligomerization
of caspases promotes autoprocessing has been investigated in different studies (33, 34) .
These studies also suggest that self-association occurs through the prodomain of these caspases (35) . Activation of many large prodomain initiator caspases is mediated by association with their respective upstream adaptor molecules. Inhibiting and/or displacing these upstream activators will result in decreasing the activation of the interacting caspases.
Overexpression of caspase-1 leads to its oligomerization and autoprocessing.
RICK is an adaptor molecule that has been shown to enhance the activation of caspase-1 by promoting its oligomerization. To determine the effect of CARD-8 on the processing of caspase-1, 293T cells were transiently transfected with FLAG tagged wild type caspase-1 and FLAG tagged RICK together with or without CARD-8FL. As shown in As a consequence, IL-1β generation was also inhibited by CARD-8 expression in these cells (Fig. 5B) . Similar results were obtained with the caspase-1 activation inhibitor ICEBERG (Fig. 5B ).
Stable expression of CARD-8 in the THP-1 monocytic cell line significantly decreased caspase-1 activity in response to LPS-stimulation in extracts of these cells (Fig.   5C ). IL-1β processing and generation were also diminished by CARD-8 in these cells ( Fig. 5D and E) . These effects of CARD-8 could be attributed to its ability to bind to caspase-1 and interfere with its activation and/or activity. Consistent with this, the stably transfected CARD-8 was able to immunoprecipitate the endogenous caspase-1 from the THP-1 cells (Fig. 5F ). However, we were unable to reproduce their finding that CARDINAL (CARD-8)
CARD-8 is
interacts with IKKγ/NEMO (data not shown). Combined the above results suggest that CARD-8 might be an important negative regulator of the proinflammatory cytokine response by acting at both the IL-1β generation and NF-κB activation levels. To gain insight into the mechanisms by which CARD-8 induces apoptosis, we tested the effects of five inhibitors of apoptosis on MCF-7 cells transfected with CARD-8 (Fig. 8A) . The direct caspase inhibitors zVAD-FMK, baculovirus p35, and CrmA were able to inhibit CARD-8-induced apoptosis suggesting that CARD-8 induces apoptosis via activation of caspases. Bcl-xL, caspase9-C287A can also inhibit CARD-8-induced apoptosis suggesting that CARD-8 activates caspases by activating the Apaf-1-caspase-9 apoptotic complex.
CARD-8 is an apoptotic protein-The
Our data are in complete contrast to recent findings, which indicated that TUCAN (CARD-8) is an antiapoptotic protein, which inhibits caspase-9 activation by binding to the CARD region of procaspases-9 (43). As shown in Fig. 3C we did not see significant binging of CARD-8 to procaspases-9. In addition, S100 extracts prepared from 293 cells transfected with a CARD-8 expression construct had significantly more caspase cleaving activity than the control empty vector S100 extracts in the presence or absence of cytochrome c and dATP ( Fig. 8B and C) . These observations indicate that overexpression of CARD-8 does not inhibit activation of caspases in S100 extracts by cytochrome c and dATP as suggested recently (43) . On the contrary, CARD-8 overexpression can indeed activate caspases, which could explain its ability to induce apoptosis in transfected cells. These effects could be all related to its ability to inhibit the NF-κB survival pathway in the trasfected cells. 
